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ABSTRACT 


In preparation fcr the eventual testing of a drifting 


envircnmental acoustic buoy, the ambient noise in an area 
off the Monterey, California coast was measured using two 
analysis methods. Narrow band processing (9 Hz) was 


compared to 1/3 octave band processing for frequencies up to 
259007-827 Noise generation due to shipping and lccal wind 
was examined for tke contribution of each to the noise 
spectrum. Noise spectrum levels measured using either 
approach agreed within 2 dB, usually within 1 dB. Local and 
distant shipping varied on a daily basis and appeared to 
coincide with port activity. The mean variability at 50 Hz 
was 5 dB for hourly records influenced by individual ships. 
Distant shipping at 50 Hz showed a 2-3 dB variation. Also, 
this study shows that mean ambient noise curves may be used 
to estimate wind speed using the ambient noise at 1700 Hz, 
provided there are nc local ships within 16 km. Ships åt 
greater range appear to contribute little to the 
wind-derendent spectrum at 1700 Hz. 
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I. INTRODUCTION 


ል. THE NADS BUOY 


Drifting buoys are becoming increasingly useful tools in 
measuring atmospheric, cceanographic and acoustic parameters 
oí the ocean environment. With present satellite technology 
it is possible to ccllect in-situ data from the air-ocean 
envircnment and relay it to monitoring staticns. An 
experimental drifting buoy system, the Naval Postgraduate 
School (NPS) Ambient Noise Drifting Buoy System (NADS), is 
presently under ccnstruction at the Polar Research 
Laboratory (PRL) in Santa 3 ۳ ۰ CAN The NADS bucy is 
designed to measure ambient noise, subsurface temperature, 
wind speed and other meteorological parameters. The data, 
including buoy positicn, will be telemetered via the ARGOS 
system utilizing the NOAA series satellites. Buoy position 
will ke determined by the dc¢ppler Sahar’ on ፡ ፡፡ e 
Satellite (PRL, 1984). The NADS is designed to operate for 
1 yr rased upon the estimated power consumption and its 
useful Eattery life. 

Farameters to be sensed Ey the drifting acoustic buoy 
1101066 ۴ 6 ۶ را‎ 09 ۵ 

1. lcw frequency amzbient rcise in eleven, 1/3 cctave 

Lands measurec Ly hydrefhones at 30 m anc 365 m 

depth, 

2۰  sulsurface temperature at ten depths to 305 m, 

3. hydrcstatic pressure at two locations to define the 
derth of the tkermistor string at two points, 

4. near sea surface temperature at 1 መጀ belcw tke sea 


١8 71 
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5. air temperature, wind speed, barometric pressure at a 
1 61081 4۶ 2۳6۲1 1 ۵ 

Tle prcposed metecrological and océancoraphic 165۴ ۳1 و‎ 
Systems are all PRL standard ccmmercial items. FFI has a 
long histcry of manufacturing buoys with all the akcve 
senscrs using a general purpose signal processor/satellite 
transmitter system. The proposed ambient noise measureimerts 
are tc te made using a variant cf PRL's SYNAEGOS system. 

Tke SYNARGOS system was developed ky ERL tc collect 
anbiert rcise data in the eastern Arctic Ocean (PRL, 182). 
It uses a single hydrcphone tc measure noise in ore of 
elever, 1/3 octave bands from 5-1000 HZ. The data generated 
from this Lucy frovice a lcng term statistical sampling cf 
the ncise field. Wher used in the Arctic, the hydrohcne is 
susperded 30 m telcw the surface of the ice and can last fcr 
greater tran 300 days. Every three hours the noise level is 
sanplec and stored and four  cne-second bursts once every 60 
sec are required tc transmit 24 hr werth of data via 
satellite. 

Urlike the SYNARCCS bucy, the NADS Euoy will Lave twc 
#7 01 60 ۲ 6۶ tethered tc the thermistor string at depths of 
Some and 305 m. 11۲ و وه‎ depths were selected tc 621 6 
anbiert rcise levels at shallcw and relatively deer depths 
and tc enable a ccupgarison with present fleet antient 
noise-measurement scrcbucys. 1o ascertain the depth cf the 
hydrcrhcres and provide an indication of the effects cf 
current shear, twc depth-rressure transducers haye Leen 
1 ۱531166 cn the thermistor string at 16 m and 305 E. Each 
Lydrophcre will the cf the tender type with a useakle 
Req uency from 0=2 kEZ (PRI, 1984). AS a free 216060 
drifter, the buoy is designed for open ccean use witk a life 
expectarcy cf one year. 

BLesseleebed center frequencies for each of the eleven, 


17/3 cctave Lands and tteir respective rassbands are shcs»n in 


11 


Table i. These bands encompass the frequency rarge frci 5 
822 EO KEE Ihe z kHz lirit is imposed by the useakle 
frequency response of the bender hydrophone. The 11 5 
were selected to cover the spectrum of interest tc the Navy 
and research establishments alike. The lower frequency 
Lands ur to 100 Bz will likely contain predominately 
Shippirg noise. These bands greater than 100 Ez will 
contain  lccal shipping as well as wind-dependert  rcise 
effects. In the infrasonic spectrum seismic activity and 
cther effects cn the roise field may be studied. In crder 
for this tc be possitle, the decoupling mechanisn 215+ 
succeed and therefcre cnly 2 bands at 5 and 10 Hz have teen 
selected. 

The 51۱۱۸1605 5۵1۲1356101 noise measuring buoys were ፒርቲ 
subject tc vertical cscillaticn of the hydrophcnes due to 
wave  mcticn. With the NADS the surface 007 Leccres a 
surface fcllower and unless the sensors are decoupled fron 
the Lucy, they will experience vertical mction much like 
that cf the buoy itself. These hydrestatic [pressure 
variaticrs can serve to saturate the hydophones at low 
frequencies thereby naking measurements cf amkiert  roise 
suspect in this fart cf the spectrum. Ihe hydrorphcre string 
must te isclated frcm this uction using a low, netural 
frequency suspension. In sonokuoys, partial isclaticr Las 
keen ackieved using a soft elastic suspension with self 
derlcyirg drogues ቲር entrain water, producing a large 
virtuel mess and damping vertical motion (ERI, 1984). This 
methcd is impractical for the drifting acoustic kucy ۶ ٦٣ 
due tc tte number cf fatigue stress cycles that the ccprryer 
conductcrs and elastic members in the compliant  secticn cf 
the calle wculd sustain over tke course oí a year. 

Ir ar experiment ccnducted during 1983 by NPS anc FRI 
(PRI; T1998) tests were  ccrducted in the Santa  EarLbara 
Chanrel using four different hydrophone susrersicn 


conficuraticns. These included the following: 


2 


TABLE 1 


۱ 
| 
1/3 Octave Band Center Freguencies 
and Respective Passhands 

| 


J 


5 4.5 - 5.6 
10 8.9 - 11.2 
25 22.4 - 28.2 
50 44.7 - 56.2 
100 89.1 - 112 
160 141 - 8 
250 224 - 282 
400 355 - 447 
1000 891 - 1120 


CENTER FREQ. (Hz) 1/3 OCTAVE PASSBAND (Hz) 
1600 1410 - 1780 


1. suspension of a hydrophone directly ۵ the 
attending boat, 

2. using a positively buoyant cable to attach a ficat to 
the standard FRL drifter hull and suspending the 
hydrophone string from the float, 

3. a floating line approach; 

4. a sonobuoy suspension. 

The kcat suspension showed complete saturation of the hydro- 
phone preamp while the others showed marked improvement. A 
refined version of the floating line approach, optimized for 
sensor ccmponent configuration, has been proposed. This 
type cf suspension is expected to decouple the buoy fron 


vertical oscillations due to wave notion. 


B. OEJECTIVES 


Predicting the ambient ncise levels in remote ocean 
regions is of great concern to the Navy. More precise 
estimates are needed to assess the performance of ASW 
systems. Prediction models such as the Directional Amkient 
Noise Estimation System (DANES) have been developed to 
accomplish this task. The familiar Wenz curves (Wenz, 1962) 
and its modifications (Naval Weather Service Center, 1972) 
have also been used tc predict the ambient noise. In crder 
to measure the ambient noise in-situ, Navy P-3 aircraft use 
the Ambient Sea Noise Indicator (ASNI). The ASNI uses 
SS0-57 or SSQ-41B soncbuoys to measure the ambient noise at 
50, 100, 200, 440, 1000 and 1700 Hz. The NADS buoy is 
proposed tc complement the P-3 data acquisition eifcrt by 
providing continuous updates of the ambient noise. Such 
data could also provide an historical data base over large 
ocean regions or cculd be used to support "real-time" 


forecast uodels of aurient noise. 
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This thesis examines the ambient noise measuring 
capability of the NADS buoy. ‘The acoustic system design. 
defines the parameters of the analysis. The purpose of the 
thesis is to establish a framework for the testing of the 
NADS bucy upon completion. It will be tested cff the 
Monterey, California coast along with other systems for 
comparison. The performance of the buoy will be analyzed in 
a region 10-25 km frcr shore in water depths averaging 1830 
m. This area is ciose to the continental shelf. Because 
the Luoy is designed for open ocean use, unattended and free 
floating, this pre-analysis of the coastal shipping and vind 
effects is needed prior to actual testing. 

The Navy 1S primarily interested in the ambient noise at 
a specific frequency for application to the sonar equation. 
This infers that measurements be made uSing a narrow band 
approach. Sucn is the case with the utilization of the ASNI 
to measure ambient ncise. However, the NADS buoy will 
measure ambient noise spectrum levels using 1/3 octave band 
Filters. A compariscn wiil be made between ambient noise 
spectrum levels measured using a narrow band ard a 1/3 
octave band approach in order to determire whether AN 
neasurements agree using either method. If tne metnods are 
comparatrle, then the NADS may be useful to the Navy asa 
historical data. base or a real-time sensor. 

In previous studies (Wenz, 1962; Perrone and King, 
1975), a direct correlation between wind speed and autient 
noise has been shown to exist. Watts and others (Watts et 
al, 1978) have shcwn that the surface wind speed can be 
estimated based upon acoustic ambient noise otservations. 
It is anticipated that the NADS buoy will be able to perform 
3 1 ۱ ۱۵ function. 

The wind and ship influence on ambient noise will be 
Studied to enable the predicticn of surface wind speed from 


anbient noise. Individual ship influences can dominate the 


T5 


wind-dependent spectrum. Since the NADS buoy will be 
unattended during operational use, an ambient noise value at 
a wind-dependent frequency which is contaminated Ey an 
individual ship will lead to faulty predictions of surface 
wind speed. This effect will be addressed to determine the 
farthest range at which an individual ship can contribute to 
the wind-dependent spectrum. 

Finally, the effects o£ changing water depth wi MERS 
studied to determine the influence of the sound speed 
profile and coaStal effects on ambient noise. The 
relatively shallow water off the coast (compared to the open 
ocean) undoubtedly has an effect on the ambient noise 


measurements. 
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II. EXPERIMENTAL PROCEDURE 

Ihe acoustic ambient noise experiments consisted of two 
at-sea exercises, one conducted on 11-12 December 1984 and 
the other 26-28 February 1985. The primary goal of each 
at-sea period was to conduct acoustic experiments concerning 
ambient noise and vertical line array (VLAD) acoustic 
measurements. Only procedures directly related to the 
collecticn of ambient noise data are described in this 
report. Supporting units included the research vessel 
"ACANIA" and the Mobile Acoustic Test Facility (MASTF) van. 
Frior tc performing the at-sea tests the DANES and ICAPS 
forecast models were each run to predict tne ambient noise 


Bor this location. 


A. ECUIFMENT SET-UP 


Fer each exercise the MASTF van was moved to a location 
at the Presidio of Mcnterey at a height of approximatel j 2 
m above mean sea level. This location provided an 
unobstructed view of the sea-test sites and provided a line 
of sight YHP receiving capability to about 50 km. Due to the 
rough seas experienced in December, considerable RF fading 
was experienced beycnd a range of 30 kn. Figure 2.1 
illustrates the relative positioning of the participating 
units. 

The ACANIA was used both as a buoy launching platform 
and a ccmmunications station. In support of the VLAD 
measurements, a low frequency J-15 narrow band projector was 
deployed. This sound source contaminated the ambient noise 
levels recorded at certain frequencies and will be noted 


when it influenced the noise field. Wind and swell 
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conditions were recorded aboard the ACANIA. Significant 
local shipping was detected by radar and a surface plot of 
Shipping contacts was generated. Bathythermograph and sound 
Speed probes were launched to determine the temperature 
profile to a depth cf 460 m and the sound speed profile to 
the sea floor. 

The MASTF van was used as the recording staticn for the 
acoustic ambient noise data. Faguse: 2.2915 a bieck diagram 
of the routing of the incoming signal. The MASTF van has a 
12 m VHF antenna which can be hydraulically elevated above 
the rocí of the van. The van is equipped with an ARR-52 
receiver consisting of four, 31-channel receivers. It is 
also equipped with two separate digitally tuned scanning 
receivers. The VHF signal could be distributed to either or 
both of these receivers. An additional ARR-52 was installed 
۲ ۷110 ۵ total monitoring capability of 10 buoys. Each 
Channel of standard audio output was then routed to a 
Honeywell 5600E 11-inch, 14-track tape recorder, and/or 
intercepted for measurement on the Ambient Sea Noise 
Indicator (ASNI). 

The tape recorder was equipped with seven tracks ol FM 
cards, cne of which was used for atime code generator. 
Seven Ai! direct-record tracks were available, though one was 
reserved for servo ccntrol. One track was reserved for 
general ccmments and to complement log keeping. 

The ASNI, manufactured by Sparton Electronics, is used 
by Navy P-3 aircraft to measure tne ambient noise “from 
AN/SSC-57 or AN/SSQ-41B sonobuoys. An ASNI was installed in 
the MASTF van to measure the ambient noise at various times 
throughout the tests. ASNI levels are calibrated in decibels 
ina 1 Hz band relative to 1 4Pa? for the omnidirectional 
noise level. The center frequencies for the ASNI are 50, 
100, 200, 440, 1000 and 1700 Hz. The analysis bandwidth is 
DOE. Figure 2.3 is an illustration of the structure of 


r3 
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| 
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TAPE RECORDER 
Figure 2.2 The incoming VHF signal is routed 


as shown above. 
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1s shown above (Ezell, 1981). 
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the analysis bandwidth and filtering required to achieve the 
25 Hz window about the selected center frequency. This 
results ina noise correction factor of 14% dB which is 
computed internally. Care must be taker to ۰ (record anti en tL 
noise readings in a slow and deliberate fashion, because the 
internal circuitry uses a 10 sec integration time to compute 
the noise level. Ihe meter must be allowed to stabilize 
when Switching from one center frequency to another to 
accurately measure tke noise spectrum level. 

Prior to recording the buoy signals, a calibraticn of 
the receivers and tape recorder is required. An internally 
generated 1 kHz tone modulated at 75 kHz is routed to tne 
receivers and tape recorder tracks. For proper calibration 
a 2V rms output is expected (West, 1984). Individual 
receivers were noted to have different receiver 
sensitivities. Individual tracks on the tape recorder also 
had minor variations in their  sensitivities. This 
calibraticn recording enabled a correction factor to be 
computed and employed to reconstruct the noise levels seen 
throughout the experiments. 

The sonobuoys used for the ambient noise analysis 
included the 550-412, SSQ-57A and SSQ-57XN5. Typical 
calibration curves for these sonobuoys are included in 
Appendix A of this thesis. Military specifications require 
dut nanufacturers meet this CaliD ation criteria 
(NAVAIRSYSCOM, 1983). The buoys were set either shallow (18 
m) or deep (305 m) fcr long life (8 hours). 


B. EXPERIMENTAL TESIS 


Three different locations were investigated for the 


ambient noise analysis. Their geographic positions are 
36904011۲, 122905"ዝ፤5 3690۲ 11, 122۱۱۲۷ 3 20 ከመ M 
respectively. These positions correspond to locations 
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approximately 8, 17 and 25 km from the recording site at the 
۴۰۰۰۰٠۰۱90 (Pigure 2-1) These stations were selected fcr two 
primary reasons: all three sites were within reception 
range of the recording station, and the effect of changing 
water depth on ambient noise could be studied. Station 1 
was situated along the slope of the continental shelf. The 
water depth in this region rapidly increases from 1280 to 
1830 mr over 2 km. Station 3 is located in a regicn where 
the water depth is mcre constant, increasing from 1280 to 
1500 m over 5 km. 


During the  at-s«ea tests measurements were made of the 


parameters tonat 6 affect ambient noise. these 
measurements include wind speed or sea state, shipping 
traffic, temperature and sound speed profiles. Wind speed 


and wave height were estimated by the ship's master during 
the December tests. During the February tests, wind speed 
was measured by the ACANIA's anemometer utilizing the Data 
Acquisition System (TAS), and a hand-held anemometer. The 
ACANIA's anemometer is located on a mast at 14.5 a 
elevation. The hand-held model was used at either 10 cr 12 
m. ‘The ship's radar was used to detect shipping traffic. On 
February 28 a Navy P-3 was helpful in determining the type 
of shir and its course and speed. The temperature prcfile 
and sound speed profile at the different locations were 
measured using XBT and XSV probes. Measurement and 
environmental details associated with each at-sea test 


period are outlined 1۹۰.۰ 


At Station 1a deep anda shallow 550-57 sonobuoy 
and a shallow SSQ-41B sonobuoy were deployed. DE baron 2 
a deep SSQ-41B was derloyed. At Station 3 both a deer and 
Shallcw SSQ-57 were deployed. Data derived from the deep 
501201۳۴1007 at Station 3 was useless due to radio interference 


during the entire period of operation. 
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Wind speed and sea state were estimated Ey the 
Ship's master. Shipping traffic was monitored by the ship's 
radar. No BT or scund speed data were measured due toa 
malfunction of the processing system aboard the ACANIA. The 
acoustic projector was actuated at 35 km from shore and 
again between Stations 2 and 3 while the ACANIA was dead in 


the water. 


2. December 12, 1984 


The weather changed dramatically from the frevicus 
day with the passage of a storm. Winds of 20-26 m/s and 
wave heights of 4.8-5.4 m were reported. The ACANIA was not 
able to reach Staticn 1 due to the extreme sea conditions. 
Frior to returning tc port, a deep and a shallow SSC-41B 
were deployed at position 36°39'N, ۱22۳ 03217 in 550 m of 


water. Ambient noise data were recorded to determine wind 
and stcrm noise effects. A temperature and sound speed 
probe were launched at the bucy location. No shipping was 


Sighted rrior to returning to ort. 


3. February 26, 1985 


A deep and a shallow SSQ-57 buoy were deployed at 
53 ale Wind speed was recorded hourly using the 14.5 m 
anemometer on board the ACANIA and the hand-heid model at 10 
m. Local shipping and estimates of wave height were 
recorded. The ACANIA towed the acoustic projector and 
remained within 10 km of the buoys. Two hours of noise data 
were lost due to a tape recorder malfunction in the 


afternocn. 


A single, deep 550-57 buoy was deployed and 
monitored by both the MASTF van and a P-3 aircraft. A log 


was kept cf local shipping traffic and the influence on 
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ambient noise determined. Contacts reported included a 
large tanker, an autcmobile ferry, a cargo carrier and a tug 
towing two Larges. An hourly wind record was kept as in the 
previcus experiment. Again, the acoustic projector was 


towed away from the scnobuoy. 


C. DATA PROCESSING 


Figure 2.4 1s a diagram of the equipment set-up used to 
gather and analyze the ambient noise data. A computer 
proyram was written to process the data and define the 
analysis parameters. The HP 9836, through HP-IB connectors, 
contrciled the spectrum analyzer. Ambient noise was 
measured using both a "narrow" band and 1/3 octave band 
anaiysis. Frequencies measured were at 50, 100, 200, 440, 
1000, and 1700 Hz for narrow band processing and 50, 100, 
200, 400, 1000 and 1600 Hz for 1/3 octave band processing. 
The 440 and 1700 Hz narrow band frequencies are included 
within the 400 and 1600 Hz 1/3 octave bands (Table I). For 
the «sake or comparison, references will be made to the 
narrow band frequencies (i.e. 1700 Hz, etc.) throughout this 
study. These values were selected in order to compare with 


the ASNI measured noise levels. 


1. HP 9836 Computer 


The computer was programmed with Operational 
commands to the spectrum analyzer to specify its mode of 
operation. Every 2 min the spectrum analyzer was commanded 
to record noise levels at each of the specified frequencies. 
Each ncise level was then converted to an ambient noise 
spectrum level relative to 1 „Pa using the following 


equation: 


AN = RS t BS + SG + BY + CF + NL 
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Figure 2.4 A block diagram is shown of the 
data processing set-up. 
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where RS is the receiver sensitivity, BS is the buoy 
sensitivity, SG is the sonic gain, BW is the bandwidth 
correcticn factor, CE is the calibration correcticn factor, 
and NI is the measured, uncorrected noise level. 

Ihe buoy sensitivity is given by 20 log {buoy 
sensitivity at the reference frequency}. For the SSC-57, 
this expression becomes 20 log {106 dB re 1 «Pa/19 kHz] or 
80.4 dB. The receiver sensitivity is given by 20 log 
(receiver calibration male COL te This corresponds to 20 log 
(75 kHz/2 volts) or 21.5 dB. The sonic gain is obtained fron 
the scnotuoy specification curves at a specific freguency 
(West, 1985). 

Depending on the measurement scheme or the tyre of 
buoy used these values will vary. For example, the SSQ-57A 
has a bucy sensitivity of 80.4 dB while that for the SSQ-41B 
is 90.4 dB. Their sonic gains also vary with frequency. 
These values are derived from the buoy's specification curve 
as shown in Appendix A. The receiver sensitivity 1S a 
Constant at 31.5 dB. The bandwidth correction  factcr for 
"narrcw Land" measurerents was 9.7 dB. For 1/3 octave band 
measurements, this factor is dependent onthe bandwidth 
about the selected center frequency. The calibration 
correcticn factor was determined from the calibration 
performed prior to the experiment. 

Ihe ambient noise level at each frequency was stored 
in an array every 2 in until the end of the noise record. 
Additional progran subroutines performed tabular output of 
data, mean and standard deviation computations, and 
graphical plotting. The flexibility of this set-up allows 
for easy changes in analysis methods. A copy of the 


computer program iS included in Appendix B of this thesis. 
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2. Narrow Band 


The ambient noise was measured over a frequency 
spectrum of 0-2500 Hz. For this desired frequency san the 
HP-35€1A spectrum analyzer is limited to 400 frequency bins 
ior the desired frequency span. Due to this bin-width 
linitaticn a frequency resolution of 6.25 Hz was realized 
for this span. Most real-time spectrum analyzers use a 
Hanning window filter in their data processing routines. 
The Hanning filter provides for good frequency resolution 
but suffers from an amplitude uncertainty of -1.5 dB 
(Hewlett-Packard, 1984). With the Hanning filter 
implemented, the overall noise effective bandwidth was 9.375 
Hz.  Substituting this value in the bandwidth correcticn (10 
log BW), a 9.7 dB correction was applied to yield the noise 
spectrum level. Ihe AN levels were rms exponentially 
averaged using a2 min weighting scheme. This averaging 
mode is a continuous averaging process that assigns more 
Significance to recent data while older data die out in 
importance at a decaying exponential rate. An exponential 
weighted average is most useful when the process teing 
measured exhibits relatively slow time variations and yet 
some averaging is desired (Hewlett-Packard, 1984). This 5 
a valid assumption fcr measurements of ambient noise. 

Forty time records were selected for averaging. 
After repeated trials, it was felt that this number rovided 
a current indication cf the ambient noise, while smocthing 
the minor fluctuations. An overload reject feature was used 
to exclude measurements of spurious noise sources from the 
accumulated average which overloaded the input circuits cf 


the spectrum analyzer. 
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3. 1/3 Octave Band 


The HP-3561A spectrum analyzer measurements are made 


in synthesized 1/3 cctave bands. The filter bandwidth, 
center frecuency, and bandshape meet ANSI Class III 
specifications (Hewlett-Packard, 1984). The spectrun 


analyzer establishes predefined measurement bands which are 
selectable through keypad entries. The selected measurement 
band for the 1/3 octave band analysis was 6.3 Hz to 10 12.۰ 
This band was selected to minimize the required data 
collecticn time for each averaging cycle. For example, a 
measurement band of 1.6 Hz to 2.2 kHz would have required 
12.8 sec for data ccllection time vice the 3.2 sec for the 
3 2 to 10 kHz band. The design of the spectrum analyzer 
was such that to make measurements to 2500 Hz in a timely 
way, a rand of 10 KHZ was most reasonable. Standard 1/3 
octave center freguencies between 6 Hz and 10 kHz are 
included within this band. As mentioned previously, an 
exponential weighted average is ideal for ambient noise 
analysis. Due to the longer data collection time, eight 
averages were selected for the weighting factor. 8 
a noise spectrum level, i.e., noise levels relative tc a 1 


Hz wide Land, a bandwidth correction of 10 log (BW) was 


applied. The FM cards in the tape recorder have a flat 
frequency response tc 2.5 kHz, SO band levels above this 
frequency are not considered. The overload reject feature 


waS used in this procedure also. 
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The DANES predictions of AN are shown in Figure 3.1 and 
Figure 3.2 for the two hydrophone depths on February 26. 
Since DANES is a large-area average, the predictions are 
identical at all 3 sites. This version of DANES does not 
include Worid Meteorological Organization (WMO) shipping in 
its  ccmputation of ambient noise. Ihe tranmission loss 
model incorporated in DANES is ASTRAL. ASTRAL provides an 
averaged transmission loss and does not forecast convergence 
zone  rrcpagation of ship-generated noise. The CANES 
omni-directional AN at 50 Hz was predicted to be 63.4 dB. 
This value was 20 to 30 dB less than that experienced. This 
Day in part be due to the aforementioned characteristics of 
the LANES model. The noise variability is also high due to 
the relatively shallow water and the fairly large amount of 
Shipping lane traffic. The ICAPS predictions were 78 02 1 
50 H2, 76 dB at 300 Hz, 64 dB at 850 Hz, and 60 dB at 1700 
Hox Ihe ICAPS prediction of 78 dB at 50 Hz was closer to 
the measured noise levels but still quite low. The AN at 
1700 Hz using either prediction model was much closer tc the 
observed values. According to DANES the shipping noise 
arrives primarily frcm the northwest, which would coincide 
with shipping traffic centered near San Francisco. It is 
apparent that both models fail to accurately predict the AN 
for lcw frequencies but are quite good at higher frequencies 


where wind and sea state are the dominant factors. 


A. ONE THIRD OCTAVE FAND VS NARROW BAND 


Ambient noise levels were measured using two analysis 


methods, 1/3 octave band and "narrow band". During the 
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Figure 3. 1 The DANES prediction of AN is shown for 


a shallow buoy. 
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Figure 3.2 The DANES prediction of AN is shown for 
a deep buoy. 
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at-sea measurement periods , ambient noise was measured on 
the ASNI and logged. A 1/3 octave band analysis was done to 
prepare for eventual comparison with and testing of the NADS 
buoy and also to ccmzmpare with levels acquired through a 
narrow Land analysis of the data. Though, in actuality the 
bandwidth of the narrow band analysis is not 1 Hz (abcut 9 
Hz instead), the bandwidth is less than that provided by the 
ASNI (25 Hz). However, the noise levels were corrected to a 
1 Hz rand in each case. 

Ambient noise levels recorded from the ASNI can be 
compared to those measured using 1/3 octave filters. At a 
center frequency of 100 Hz for a 1/3 octave band analysis, 
the bandwidth is about 23 Hz. This is close to the analysis 
I3ndwidth (25 Hz) of the ASNI. It would be expected then 
that noise values at this frequency would be comparable. 
This is indeed the case as shown in Table II. 

At this frequency the AN diifers by at most 2 dE. The 
differences may in part be due to the way the AN was 
measured in each case. The ASNI readings were more of an 
instantaneous value while the 1/3 octave band values were 
averaged over a 2 min period. No record was kept of how auch 
the ASNI readings varied during the measurement cycle. The 
3-4 dB difference at 1000 Hz is not fully understood. Such 
a large difference wculd not be expected when local ships 
were absent. The 1/3 octave band values compare well with 
the narrcw band measurements made in the laboratory but not 
so well with the ASNI values. It is possible that the ASNI 
meter was out of calibration at this frequency. For the 
cther frequencies, the agreement is quite good. 

Most oí the measurements show that the AN at 50 Hz is 
greater using the 1/3 octave band approach. This can be 
attributed to the smaller bandwidth at this frequency and 
the spectral contributicn to the band. Above 100 Hz, as the 


bandwidths grow, the differences are not too great as lcng 
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TABLE II 


Ambient Noise Measurements 
ASNI vs 1/3 Octave Band 


TIME METHOD 50 Hz 100 Hz 200 Hz 440 Hz 1000 Hz 1700 Hz 


1250 ASNI 87.0 75 59:5 9 60.0 58.0 
1/3 8 0 72ھ727‎ 20-5 Corel B17 297-8 
ASNI 68.3 74.0 67.0 64.5 +95 3870 
1324 
1/3 89.6 13.5 67.4 66.4 62.4 97.9 
ASNI 86.0 74.5 69.0 70.0 60.3 205 
1334 
12) ሣ 74.5 68.8 58.72 617 EB 
ASNI 85 73.0 55 6623 5035 38:0 
1340 
173 87.4 74.7 58.3 6723 63:2 586 
ASNI 85.0 30 67.0 63.3 60.0 57.0 
1447 
1/3 879 74.5 672 65.7 64.2 955875 
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as spectral components of individual ships are not present. 
If this is the case, the comparison is more complex. The 
ASNI will indicate higher AN levels if the particular ship 
has high source spectrum levels at the center frequencies; 
otherwise, the 1/3 octave bands may contain sufficient 
energy tc yield greater values of AN. 

Table If will be used to illustrate this point. At 
ከ ሪህ a large ship was sighted at 12 km heading in a 
direction away from the sonobuoys. The 1324 ambient noise 
measurement shows gccd agreement between the ASNI and 1/3 
cctave band methods at 50 and 100 Hz. The 440 and 1000 Hz 
values differ by 2-3 dB with 1/3 octave band values teing 
greater. As the shif moves away, it would be expected that 
the noise spectrum levels would decrease with increasing 
range. At 1334 the SC Hz and 440 Hz values differ the most. 
Due tc the narrower Land at 50 Hz, the 1/3 octave band value 
was higher. The ASNI recorded a higher level at 440 Hz 
Since the energy within its processing bandwidth was 
greater. 

The processing of the noise recordings using the narrow 
band and the 1/3 octave band methods resulted in tables of 
AN levels measured every 2 min for the duration of the 
recording cycle. A sample takle is located in Appendix C. 
Each  reccrding tape provided approximately 45-60 min of 
noise data. The gars in the record of AN are due to the 
time required to mount a new tape, or changes made in the 
monitcring of particular sonobuoys. 

A comparison of the two analysis methods indicates that 
the results show consistent agreement. Table III shows that 
differences in mean noise levels for the two analysis 
methcds cver comparable time periods are within 2 dB of each 
other. For most measurements the differences are less than 
[ ۲ The ACANIA's influence is seen on the 26th of 
February from 1142 to 1200. Significantly higher AN values 


at all frequencies are seen. 
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TABLE III 


Mean Noise levels for Same Time Periods- 
Narrow Band vs 1/3 Octave Band 


26 FEB 1985 


SSQ-57 SHALLOW 


TIME METHOD 50 Hz 100 Hz 200 Hz 440 Hz 1000 Hz 1700 Hz 


114 NB 93.4 89.5 79.9 1102 66.8 61.0 
1200 1/3 93.3 89.2 80.5 76.0 67 62.8 
1202 NB 90.3 79.6. 72.7 7: ር ጤመ: 0 
1232 1/3 89.8 79.8 125 69.0 63.2 59 8 
1247 ANB "َو‎ A  >::7 ۶٣ 02 
1363 1/3 91.4 76.5 7063 67.9 63.8 61.0 
1357 NB O11 225 ۲ 2 ۳ a ۱ ፡9 
1451 1/3 91 78.2 71.5 68.6 63.9 60.9 

28 ፻55 1985 

SSQ-57 DEEP 
122) NBN 103.3. ۶۹۹۹۶۸۰۰ ۶ ہ٥‎ 54.3 
1309 1/3 104.0 84.1 7o 3 67.1 61.0 55.8 
1334 NB 89.2 80.6 763. JO 1:2: 8656 57.0 
1432 1/3 89.6 80.3 276 7ر‎ 63.9 58 .4 
1642 . NB 999 855 1072292292 22 2 oe 
1538 1/3 91.1 85.9 77 68.2 63.8 58.7 
1550 NB 86.7  a7.6 ۔ةىٰف-'++++++‎ Aum 
1616 1/3 86.7 88.0 95 5 70.8 66.8 63.7 
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To illustrate how well these two methods relate over 
time, the AN at 50 Hz is plotted as a function of local time 
for a single sonobuoy using a 1/3 octave band and a narrow 
band analysis (Figure 3.3). The traces are virtually 
identical and ail major variations can be seen equally well. 
Point "A" identifies the passage of a large cargo ship which 
was reported travelling at a speed of 7 m/s. A super tanker 
travelling at 6 m/s is recorded at point "Bp", The ACANIA 
passed the measuring sonobuoy at point "Cc", Finally a tug 
which was towing two karges is shown at point "D". 

The standard deviations of the noise levels indicate 
good agreement between both methods. The 1/3 octave levels 
generally produce smaller standard deviations (<0.5 dB) for 
the same time periods. This is due to the larger bandwidths 
of 1/3 cctave processing. Spectral components of fairly 
large values are required to affect a significant change in 
standard deviation. This is the case when individual, local 
ships ccntribute to the noise field. When this occurs, 1/3 
octave [and standard deviations are greater for those 
freguencies which are normally considered to be in the 
wind-dependent regime (1700 Hz). This can be attributed to 
the spectral contribution of the local shipping, which shows 
contributions even at frequencies greater than 1000 Hz (see, 
COT example, Figure aire Table IV shows these 


relaticnshifs. 


tees SHIPEING EFFECTS 


The efrects of shipping on the measured AN is assumed to 
be ccmposed of two GCL panen La, individual ships and distant 
merchant shipping. The modified Wenz curves shown in Figure 
3.4 categorize the Shipping noise into separate regimes 
based on the shipping density. The AN values at 50 Hz and 
100 Hz for the different shipping regimes are shown in Takle 
M. 
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21-3 A comparison is shown of the AN at 50 Hz 
(a) narrow band, (b) 1/3 octave band. 
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TABLE IV | 

Standard Deviation Differences for Local and 

Distant Shipping for 1/3 Octave and Narrow Band 
Analysis 


NB ከ 
SOMIT 00 ۶ 50 Hz 1700 Hz 


LOCAL SHIPPING 3-4 dB 2-3 dB 3-4 dB 2-4 dB 


MESTANT SHIPPING  1.5-2 @B@.5-1 dB 1.3-2 dB 0.5-1 dB 


دس ም መረ... cs ce‏ راب۰ دحا(« دح 
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During the at-sea measurement periods, the 50 Hz noise 
levels varied from a high of 109.3 dB to a low of 76.2 dB. 
The high ambient noise level was recorded during a nearby 
ship passage. The low level was recorded when distart 
Shipping could be categorized as "quiet" (Figure 3.4). 

For the time frame of this analysis Table VI shows the 
highest levels of noise recorded for nearby shipping and the 
mean ambient noise due to distant shipping averaged over 2 
hr intervals. The majority of the 50 Hz values fall within 
a range cf 88-96 dB and were highest during the periods fron 
1400-1530 local time. After 1600 noise levels decreased 
into the  mid-80 dB region. The 100 HZ noise levels were 
seen to follow the same trends. The most frequent range of 
values was 76-79 dB. 

The measured individual ship AN levels are 5-10 dB 


higher than those predicted. The temporal variaticn of the 
shipping noise is consistent with the classificaticss 
described in Table V. All four shipping regimes were 


realized during the at-sea measurements. During the morning 
hours distant shipping could be categorized as "quiet" to 
"Shipping lane"; in the afternoon "heavy traffic in ccastal 
waters" to "heavy traffic in shallow or deep water"; and in 
the evening as a rettrn to "shipping lane" traffic. À plot 
of AN at 50 Az with respect to local time is shown in Figure 
3.5. This illustrates the temporal variation due to distant 
25111 ۳۲۲ 1 وان‎ 

The individual shipping contribution to the noise field 
can be further subdivided intc the noise generated by the 
ACANIA and by passing merchant traffic in the sea lanes. 
The number of ships that were observed to pass close to the 
measurement stations varied on a day to day basis. For 
example, in the December experiments, only one ship cther 
than the ACANIA was sighted. On February 28, four ships 


passed the sonobuoy within a 3-4 hour period. This ray in 
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TABLE Y 


AN for 50 Hz and 100 Hz for Different Shipping 
Regimes Based on the Modified Wenz Curves | 


ኻኑ 
۰ 


4 


HEAVY TRAFFIC IN COASTAL AREAS, LANES 
SHALLOW WATER SHALLOW AND DEEP 
WATER 


50 Hz 97.5 87.0 82.0 77.5 
100 Hz 92.5 83.0 78.0 2257250 


INDIVIDUAL SHIP; HEAVY TRAFFIC IN SHIPPING QUIET 
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part te due to the generally heavier seas experienced in 
December. 

The contribution of the ACANIA to the noise field was 
Significant when the ship was within 3 km of the  tucy. 
Table VII shows a ccmparison of the noise levels measured 
when the ACANIA was at 1 km, 3 km and 8 km distant. The 
last entry in the talle is derived from Figure 3.4, which 
represents the distant shipping component as heavy traffic 
in shallcw/deep water (NAVAIRSYSCOM, 1983). Figure 3.6 15 
an illustration of the frequency spectrum of the ACANIA. 
From Figure 3.6 and Table VII, it is evident that the effect 
of the acoustic signature of the  ACANIA on the AN 
measurements is limited primarily to frequencies less than 
1500 Hz and affects the noise field in a region of 3 km from 
the measuring buoy. 

Since typical calibration curves were used to calculate 
the AN levels, the resultant noise levels can te 2 dB 
different between separate measuring sonobuoys. For this 
reason, any difference in levels less than 2 dB can be 
attributed to the variability in the receiving sensitivities 
of the measuring hydrophones. With this in nind, any 
conpariscn made between separate sonobuoys must account for 
this 2 dE varlabiliey: 

This is the case when ccmparing the AN measured by the 
Shallcw and deep hydrcphones. When the ACANIA was within 3 
kn, the noise levels measured at the deep and shallow 
hydrophcnes were frequency dependent but did not snow 
consistency. On one occasion the shallow buoy recorded 
higher AN levels between 50-400 Hz while the deeper Euoy was 
higher from 600-1000 Hz. This case is shown in Figure 3.7. 
Ch ancther occasion the deeper buoy recorded higher AN 
levels at all frequencies excerpt 1700 Hz. One might expect 
that the AN would te higher at the deeper buoy for low 


frequencies (shipping) but lower for high frequencies (wind): 
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TABLE VI 
Highest Noise Levels for Indivi Goi 
and Average AN Due to Di +3 ۶٘ ۲ 


1100 - 0 1300 - 0 1500 - 1700 
50 Hz 100 Hz 50 Hz 100 Hz 50 Hz 100 Hz 50 Hz 100 Hz 


DEC 1 105-3 90-7 80 715.5 95 79 90 76 
8 ۶ 102.4 94.3 = = 90 83 83 79 
FEB 26 96.7 9 91 78 90 17 - - 
FEB 28 109-73 102.2 92 77 90 83 87 83 


SHIPPING 
INDIVIDUAL SHIP AVERAGE DISTANT SHIPPING 
ل‎ 


መሙ ም ን RN | 
س‎ 
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as shcwn by Arase and Arase (1967). The results agree in 
one case and not in arother. Trapping of acoustic energy in 
the shipping-dependent frequency band in the surface duct is 
not a likely explanation as the low frequency cutoff for 
ducted propagation at this time of year is 1400 Hz. Ihe 
deep hydrophone shows a more spectral nature to the ncise. 
Apparently some form of direct radiation from the ACANIA to 
the shallow hydrophone is responsible for this oddity.  WLen 
the ACANIA Signature was not dominant, the  snallow 
hydrophone measured higher leveis of ambient noise for mcst 
frequencies. Figure 3.8 shows a mean difference of 1-2 dB 
for frequencies below 1250 Hz and a 2-4 dB difference for 
freguencies greater than 1250 Hz. The 0 Hz and 100 HZ AN 
levels were occasionally greater at the deep hydrophone. 
This was probably related to distant shipping arrivals as 
suggested Ly Arase and Arase (1967). 

The uncorrected noise levels for surface traffic less 
than 15 km froma deep hydrophone are shown in Figure 3.9. 
4156© shcwn is the background noise level when only distant 
Shippirg is present. From the above, one sees that nearby 
Shipping affects the entire spectrum through 2500 Hz. Curve 
1 is the noise spectrum from a tug towing two barges which 
passed the sonobuoy within a nile. Curve 2 is from a heavy 
tanxer at 10 km and Curve 3 from a cargo ship at 13 km. fhe 
Size and speed of the tanker ard cargo ship are comparatie. 
Taough their acoustic signatures are different, 1t 15S 
apparent that the greater range reduces the ambient noise 
contribution by 8-10 dB for much of the spectrum. Eased 
upon the ship tracks and AN measurements it was determined 
that individual ships at greater than 16 km no longer 
dominate tne entire spectrum and can be considered as 
distant shipping.: This distance is derived from the winter 
time SSP; it is likely to vary in response to the seasonal 


cycle in surface heating. 
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እ * © AN at 50 Hz is plotted as a function of 
time to illustrate the distant shipping 
variation at Stations 
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TABLE VII 


pifferent Levels at Selected Frequencies , 
at ferent Ranges From a Shallow Buoy | 


DISTANCE 50 HZ 100 HZ 200 HZ 440 HZ 1000 HZ 1700 HZ 
1 km 92.4 EC 2595 69.4 64.9 Con 
3 km Il 75.5 21 68,8 ء08‎ 60.8 
8 km 90.9 75.2 69.7 67.4 64.6 20 
Modified 87 78 70 66.6 65 62 
Wenz 
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To support this hypothesis, a surface duct transmissicn 
loss model is offered. The generalized source Spectrum level 
(Ross, 1976) for merchant shipping at 1700 Hz is assumed to 
bec 132245083 The transmission loss includes 10 log 
{transition range}, 10 log {range}, and transmission loss 
due tc scattering, leakage, and absorption. For the mixed 
layer depth observed (25 m), the resultant transmission loss 
37577:08 The source spectrum level of the individual ship 
ici then 6 Ihis value agrees with the AN value 
extracted from Figure 3.4 for the individual ship case. This 
ievei, when added tc the wind-generated ambient noise for 
wind speeds of 5 m/s (57 dB), results in a total AN at 1700 


Hz of 59 dE, or an overall increase of 2 dB. 


C. WIND EFFECTS 


Wind speed was estimated by the ship's master during the 
Decemter at-sea pericds and measured during the February 
at-sea periods with anemometers. Table VIII shows the 
hourly measurements cf wind speed on both anemometers. Ihe 
hand-held anemometer tended to measure higher wind speeds. 
This cculd in part be due to less structural interference 
associated with the hand-held wind measurement and/or the 
2-4 m difference in height between the two. The hand-held 
anemometer readings tere closely approximated tne estimates 
made by the ship's master and are used for the follcwing 
analysis. More careful consideration will ke given to the 
wind measurements in exercises to follow. This is intended 
as a preliminary investigation only. 

The two frequencies considered for the analysis cf 
wind-dependent noise were 1000 and 1700 Hz (Wenz, 1962). A 
compariscn of measured AN at 1000 and 1700 Hz and values 
based on the modified Wenz curves for average wind seeds is 


shown in Table IX. The noise estimates for 19 m/s winds are 
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RELATIVE SPECTRUM LEVEL (dB) 





0 400 800 1200 1600 


FREQUENCY (Hz) 


۶۰1۶273-6 The ACANIA frequencv spectrum is shown 


based upon a 100 m passage from the measuring 
Semonuey at Station I. 
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RELATIVE NOISE LEVEL (dB) 





0 200 400 600 800 
FREQUENCY (Hz) 


Figure 3.7 Simultaneous measurements of uncorrected 
Noise level at a (a) shallow and a (b) deep buoy. 
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۴ ንን The uncorrected noise level is shown for 
(a) shallow and (b) deep buoys (ACANIA not in 
the area). | 
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Figure 3.9 The uncorrected noise level of several 
individual ships is shown for a deep hydrophone. 
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| 
TABLE VIII 
۲ Readings of Wind Measurements using the . 
ACANIA Anemcmeter and Hand-Held Anemometer 
HAND-HELD ANEMOMETER ACANIA ANEMOMETER ۱ 
LOCAL TIME WIND SPEED LOCAL TIME WIND SPEED 
(m/s) (m/s) 
0958 6.4 0958 d 
1100 5.6 1058 4.8 
FEB 26 1202 8.7 1204 5.9 
1400 9.4 1302 701 
1458 3.0 1400 1 
1500 3.6 | 
| 
1303 4.0 1205 2-7 
1401 5 [1 1303 1.9 
FEB 28 1501 4.5 1401 ا‎ 
1601 5.0 1501 DE. 
1601 3.1 
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extracted from the Ross/Wilson AN curves (Siguig and 
Csborne, 1981) (Figure 3.10). The measured values were 
extracted from the 2 win AN records when nearby shiffirg was 
not a factor. AS expected, increasing wind speed resulted in 
increasing AN levels. Good agreement is realized between the 
measured values and predicted values. The 1/3 octave band 
AN levels at 1000 Hz and 1700 Hz also show 51 52132 
agreement. Figure 3.11 shows the ambient noise at 1700 Hz 
over the course of a day's measurements. Included is the 
1/3 octave band processing of the data over the same tine 
period. The fluctuations due to nearby ships (points 1 and 
2) are visible but the AN is fairly constant otherwise. The 
wind speed was 6 m/s until 1300 and then increased to 9 m/s 
until 1500. These wind speeds correspond to Wenz estimates 
of 57 and 61 dB at 1700 Hz, respectively. 

The close agreement between the predicted and measured 
values gives credence to predicting wind speed fror AN 
measurements. This will aisc be possible with 1/2 octave 
band spectrum levels. The major limitation of 9 
technique is the prcblem of contamination by individual 
Ships. A noise level contaminated by such a source can lead 
toa gross over-estimate of the surface wind speed. As 
stated earlier, a ship outside 16 km will not contribute 
much to the wind-dependent spectrum. Hence, provisions must 
be made tc either sample the noise frequently enough to 
preciude the possibility of individual ship intrusions 
without beinj recognized or else average the noise field so 


that a single sample will not greatly alter the mean value. 


D. VARIABILITY 


For each recorded cycle of AN a mean and standard 
deviation were computed for the selected frequencies. Each 


record length varied from approximately 15 min to 60 min. 
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Some o£ these records contained individual Ship 
contributions while others included only distant shipping. 
Table X shows the average variability for the shipping and 
wind-derendent frequencies. When individual ships were 
present, a higher variability is seen for shipping-dependent 
frequencies, and for low wind speeds (5 m/s) a noticearly 
higher standard deviation (2-3 dB) is realized at 1700 Hz. 
The average hourly variability at 1700 Hz for higher wind 
speeds dces not change appreciably for nearby shipping. The 
variability realized when distant shipping was the major 
contributor is about 2 dB less. The results agree favcrably 
with Bannister et al.(1979). Figure 3.12 shows their 
results for shipping and a nominal 5 m/s wind speed. Also 
included in Figure 3.12 are Perrone's (1969) results. 
Plotted with these two curves are the range of standard 
deviations observed for 50 Hz and 100 Hz when nearky ships 
infiuenced the noise field. An increase in the wind speed 
resulted in a decrease in the standard deviation at 1700 Hz. 
At a wind speed of 5 m/s most standard deviations were 1-1.5 
dB while ata wind speed of 10 m/s they were 0.5-1 dB. 
Maough Figure 3.12 is limited to 500 Hz, it is apparent that 
the standard deviaticn trend is the same. 

Figure 3.13 is an illustration of the measured sound 
Speed as a function of depth. Trace A is the sound speed 
profile shape which was relatively constant for most at-sea 
measurement periods. Trace B is the sound speed grciile 
measured during the December 12th exercise. The high wind 
speeds of 20 m/s and greater accounted for the wind 
agitation of the sea surface and a deepening of the mixed 
layer. Ihis created a nearly isovelocity condition tc 80 m 
and a steeper thermccline than would normally be expected. 

Ihe low frequency cutoff (Urick, 1983) was computed to 
te 250 Hz for the 80 2 mixed layer. For the other pericds 
the mixed layer depth was 25 m. The low frequency cutoff 
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TABLE IX 


Average Daily Wind Speed, Average Measured AN, 
and Wenz or Ross/Wilson Ka uea of AN at 1000 Hz and 
2 





ሀ፻ር 11. 11 67 63 66 63 66.5 64 
DEC 12 19 yg 70 72 69 71. 68 


FÉB 26 6 (am) 62 58. 62 58.5 60 57 
9(pm) 63 60 63.5 60 64 61 


FEB 28 5 39 55 60 23 29 56 


MEASURED PREDICTED 
AVG NB 1/3 WENZ 
#/5 1000 1700 1000 1700 1000 1700 
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SPECTRUM LEVEL (dB re luPa) 






10 20 50 100 200 440 1K 1.7K 3K 10K 
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Ross/Wilson 









—e.— Wilson 





p Extrapolated 
سم‎ Cavanagh 





Figure 3.10 The AN spectrum in response to wind forcing 
as developed by Ross and Wilson (Siquig and Osborne, 
1981). | 
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Figure m AN at 1700 Hz is plotted with seseee ውህ 
local time for (a) narrow band and (b) 1/3 octave 


band processing at Station l. 
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TABLE X 


Average Hourly Variability for Shipping and 
Wind-Dependent Frequencies 


QU 


SHIPPING WIND (1700 Hz) 
50 Hz 100 Hz 5 m/s 10 m/s 20 m/s 
NEARBY 4-5 3-4 2-3 0.5-1 0.4-1 
DISTANT 1.52255 112523 0.5-1 0.5-1 0.4-] 
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for this depth is 1400 Hz. Frequencies less than the cutoni 
frequency would leak out of the mixed layer while thcse 
greater than cutoff wculd be channeled. This effect was seen 
to hold true for all periods except December 12th. The 1700 
Hz AN values are similar when measured by either the deep or 
Shallcw buoy. For frequencies less than 1700 Hz an average 
noise level measured at the deep sonobuoy is 2۳0101 3 dB 
greater. Several explanations are possible for this strange 
cccurrence. During tape playLack, periods of self noise at 
the hydrophones were noticed due to the severe wave action. 
The self noise was more prominent on the deep hydrophone 
than the shallow one. This effect concurs with the results 
obtained by Lee (1982). The effect of the self noise was to 
increase the noise level for frequencies less than 1 kHz. 
Another possible explanation is that tne shallow SSQ-&41F had 
a 20 dB attenuation feature installed. The purpcse of tne 
attenuaticn feature is to attenuate high sea state noise 
(NAVAIESY1SCOM 1983): It is possible that the amplitude of 
the AN was not appropriately corrected for by a 20 dB 
correcticn applied across the measured spectrum. Finally, 
these  sonobuoys were designed to sustain sea state 5 
conditions. The sea state on this day was 6 or greater. fhe 
sonobuoy design features which isolate the hydrophones from 
the wave action are not capable of doing so under these 
extreme conditions. The result is noise induced by mction 
of the cable or the hydrophone itself. 

Due to the limited data obtained at Station 2 or 3, 
little can be said cf the effects of the sloping bottom on 
measured ambient noise. From Figure 2.1 it can be seen that 
Station 2 is located in the deepest water, while Station 3 
has fairly constant depth: Results show that the major 
influence is on the shipping portion of the frequency 
Spectrum. Ambient ncise levels measured at Station 3 when 


compared to Station 1 show 3-4 dB higher values at 50 and 
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SOUND SPEED (M/S) 


Figure 3.12 The normal sound speed profile is 


compared to one where high winds created a 
deep layer and steep thermocline. 
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100 Hz. This indicates that shipping noise is greater in 
this region. Ihe individual ship contribution is more 
pronounced due to the closer proximity to the shipping 
lanes. The distant shipping contribution is aiso greater. 
A plausible hypothesis is a coastal enhancement (Ross, 1976) 
effect. Bathymetric charts show the water depth off San 
Francisco is shallower and extends further to the west than 
off Mcnterey. The propagation may be along the continental 
slope in a south-easterly direction and a loss of 3-4 dE may 
be due to reflections off the slope. This directicn would 
te in accordance with that predicted by DANES. Buoys that 
are lccated on the slcpe (Station 1) suffer a 3-4 dB loss of 
Shipping noise while those in more open water (Staticn 3) do 
not. 

The wind-dependent noise is higher for Station 1 than 
Staticn 3. The wind frequencies of 1000 and 1700 Hz are 1-2 
dB greater for the Station 1 sonobuoys indicating that 


Shallcwer water yields higher AN due to wind. 
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IV. CONCIUSIONS 


This study addressed the nature of ambient noise off the 
Monterey, CA coast in preparation for the eventual testing 
of the NADS buoy. The design of the NADS buoy dictated the 
analysis approach. 

A comparison of narrow brand and 1/3 octave band 
processing of AN up to 2.5 kHz Shows that either method 
wOrks equally well fcr determining the AN spectrum levels. 
Spectrum levels derived from a 1/3 octave band analysis can 
ke used interchangeably with narrow band spectrum levels in 
the sonar eyuation within a 2 dB margin of error. Individual 
shipping will generally cause higher 1/3 octave band 
spectrum levels at higher frequencies due to the larger 
bandwidths and spectral nature of the Shipping components. 

The ASNI measured AN levels are comparable to 1/3 octave 
Land spectrum levels. Usually 1/3 octave spectrum ievels at 
50 Hz are 1-2 dE higher than ASNI due to the smaller 
tandwidth (11 HZ VICE 25 BZ) Frequencies above 50 HZ show 
close agreement between the two measurement methods. When 
local shipping is a factor, the comparison between ASNI and 
1/3 octave band levels is more complex and is dependent on 
the source spectrum levels of the ship. 

For the locaticns studied, the local and distant 
Shipping contributions to AN can vary greatly. During the 
course cf a day, tte individual-ship influence may range 
from non-existent to several ships affecting the  roise 
field: When this  dces occur there will be an increase in 
the AN through 2500 Ez. The individual-ship influence at 
1700 Hz will cease tc be important at ranges greater than 
about 16 km. For these winter observations, while a snip is 


in the area, the shallow hydrophone measured higher noise 
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levels above the cut-off frequency. For these exercises, a 
nominal mixed layer cf 25 m was measured resulting in a 
cutoff frequency of 1400 Hz. The deeper hydrophone recorded 
higher ncise levels for frequencies below this value due to 
leakage from the surface duct, horizontal directionality of 
distant shipping noise, etc. (Arase and Arase,1967). 

The distant merchant shipping will also vary on a day to 
day basis. This effect might be related to the amcunt of 
port activity in the San Francisco Bay area and the density 
of the shipping. 

In agreement with Bannister et al. (1979), the 
variarility of AN decreased with increasing frequency. High 
winds provided smaller standard deviations or the wind 
generated AN, while low wind speeds resulted in greater 
standard deviations. Nearby shipping tended to increase the 
standard deviations for shipping-dependent frequencies and 
only affected the wind-dependent £requencies when the wind 
Speed was less than akout 5 m/s. 

Finally, surface wind speed can be estimated using 
measured AN values with a 1/3 cctave band filter centered at 
1600 Hz. Toe AN measurement at this frequency can ther be 
used to enter empirically derived data which relate wind 
speed to AN level and predict the surface wind  sreed. 
Individual ship intrusions that go unnoticed will result in 
estimates that can be grossly in error. For this reascr it 
is ixrmpcrtant to establish a sampling rate and averaging 
scheme for the NADS buoy that will permit the recogniticn of 
individual-snip influence on the noise field. It may be 
possible to establish this fact based upon the standard 
deviation at 1600 Hz. If a 1.5-2 dB standard deviation were 
seen for sampled values at this freyuency, individual ship 


contamination can be assumed. 
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V. RECOMMENDATIONS 


The equipment set-up as described in Chapter II is 
appropriate for the AN measurement and NADS buoy testing. 
Particularly important is the calibration of the tape 
recorder and sonobuoy receivers. Without careful preparation 
and dccumentation, processing of the noise data can teccue a 
troublescne chore Lased solely upon conjecture and 
hypothesis. The calibration of measuring equipment shculd be 
accomplished each day of the at-sea exercises. 

The NADS buoy should be deployed preferably at Station 1 
or Station 2 along with a deep and a shallow SSQ-57 
50 20 21107 ٠ This area would optimize reception of 
communications and the signals from the sonobuoys while 
Keeping it somewhat more distant from shipping lanes. 
Consideration should ke given to a weekend at-sea test due 
to the expected reduced port activity. A check with the 
harbor master in San Francisco may be helpful in determining 
the shipping traffic density. The two sonobuoys should be 
recorded continuously on the best receivers and tracks 
available as determined by the calibration performed prior 
to the exercise. Periodically the AN should be measured in 
the MASIF van using the ASNI and compared to the test-set 
indicaticns of AN  prcvided by the NADS buoy. The readings 
from the ASNI should be made slowly to allow for the 
internal integration time. At each selected center 
frequency a record snould be kept of the highest, lcwest and 
nean AN levels  cbserved over a finite time interval (about 
30 sec). This wili provide a range of values to expect 
Should the noise level be fluctuating considerably. A more 
in-depth analysis of the AN will have to be made in the 


iaboratory, using an analysis procedure as suygested earlier 
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in this report. A ccmparison will then be possible ۲۶۷۷ 
the shallcw and the deep hydrophones of the NADS bucy and 
the SSQ-E7 sonobuoys. 

Finally, in order to document tne processes involved in 
generating the noise field, an XBT and 7557 should be 
deployed at the same location. Wind speed  shculd be 
measured on a continual basis (this can be compared to NADS 
buoy measured wind) anda shipping plot maintained. To 
prevent the ACANIA frcm contaminating the noise field with 
spectral components it should remain at least 5 km away from 


the measurenent site. 


S 


FREQ. RESPONSE (DB RE 14PA) 


RESPONSE (DB RE 14PA) 
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تن ا‎ ው ም ہے ےر ٹچے سے و و دہ ہے ہے ہے مم مھ مت تسیر‎ CIÓN مود د‎ MÀ à መ 
A A ES AAA EDAD AAA AR A SE 
A A E E AAA AAA S 
a an sa و‎ I CEPI E EC پے هک‎ 
1-8. 2 ደ -፦>፦-” መመመ A | NY, SES መ رج سس ہت جھی دے‎ ድመው 


LEGEND 
UFPER LiMIT 
LOWER LIMIT 


MEAN VALLES 











10 100 1000 10000 | 
FREQUENCY (HZ) REF. PT. 440 HZ/106 DB +2 
AAA AHHH کے تج ل سح € تس تس‎ 











E eS DE LEGEND احا‎ ጋ] 


SS SS E UPPER LIMIT ===‏ ڇڪ 
MEAN VALUES‏ ^ >= 





100 . 1000 10000 | 
FREQUENCY (HZ) REF. PT. 100 HZ/116 DB +2 | 
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100 | 6959969599996959590956009999969999690፡69099999659959995996999909፡099649569699596968694556› 
۱0 ! Creuram Maras f Sonobcuy 

13230 | 99999699969586፡።፡906፡099፡99959969999995995699099909999959499699ቱ9፡9፡5999959599996999699595959595 996 ራ 
|222 | 69999999995909599995999999599659996999999099959964909099999999595995696950609596ወ፡5%95፡ 
i240. 3۵ ۲5 ] ۱ aft 


14450 GOSUB Set date tise 
| ۵ C0SUB initi.l 


1278 SCSUE Re. wll asta 
I E ۲۷٢), ۵ ٠ 
9 02۱۱8۲۰520110۳۳ aña 
1109 60:٤٤١ 6٦٤٤:٤٤۴٤ tata 
Lie COS ni 3 
Iur [| ሸኝ” ۱ ۲ 
۱ 2 PASE : 
003 20518 51 2 dasta 
1191 GOLUR Table 
|] 5. ۱2/۱۱ e 
A | nm ሠ“... “መመ መ= መመመመመ።=።ሮፎ11|7”ህ ቨ! MALA TONO eem ee -eno 
NUH ۲ 
LIS | و هم و و وه وه و و و و و و کک و مهف‎ 
IITA | و پٹ 66 606 و وه وم وه و و و و و و هو هو و و و و و و و و و و و و و و و و و و و وه و و و و و وف‎ 
0 aa 
1193 1 مه هه هو هه موه و و و و و وم وم و و رر رر و و وه و 9 9 9 9659 5 9 نگ ٹک هو و9‎ 
ls CPIM ERIT I 
2 92 IHTEGEP. ال‎ 
۱2-8 PAINTER TIS ١ 
Koos ۴۶۶ د : ان‎ 
bz ع ژا‎ - ۰ 1 
۱2:۵ Bu=9.7 : 
(13 ። 014.5 
pe s > (10 


1220 5200 € 
1290 ° 5-100 


I IT 

310 Ta Reone 

115 alk ER OE GD erent el TS) 

220 EE EE EO 2 
hea INPUT "ENTEP Tati E TAME” Mares 

I NY ThE TT LIVE OF 15۱1۹117006 UE 3 ga 

ከ IF میتٗمد۔‎ ع٤‎ ۰۱۹۲۹0٣ ۷" 1۱٤٤ 1ئ))‎ ١۱ 


1210 EMEP SOO 
2-93 INPUT “DATA :188RT ۱1۳۱ ۰ 1 
1250 BEFE 308.1 


137) [ ከሆህ[ "ዩቨ[ር” CORRES IICA FSCTOR * Cr 

0020 BERR LET 

1100 ۶۰۶ ۱۷۱۱ 

IA | eo eae +: a E CeO SDE O O 
row! 

|422 ! ‹‹‹4 49 90 ቁቁ ። 69 ቱ ፡ ቁ 6 ወቱ ቁቁ ህወ 9995 ፡99ቁ9999499፡9999099999595995962509999956998999996969565. 
1442 setup spec ana:! 

|462 | 6 499 9959095969 0፡996፡09699696099999099969599299994290999595999፡59999950669995995፻56፡ 
1473 DIO TCE HP SELIG FOR MEASURMENTS” 

| 160 2 "es" 

1461 ))) ۶۶  ٘ٔ 7 !"Siragjle trace 

1152 ۱۱۱۱۳۱ DEA 5 | [/2 ህር” ጀፎደዘዐ PROCESSING 

08 Chee ieee ST NC He ۶ 6808 

ren 000 (8ዶይዕክ1ፐህዐዷ ) ۶۲۷ 

1570 NUIPUL This "Ren ` Mdannirg winder 

1640 ۱۳ (۱ کا‎ ۱] ۷۱ A6. er 322 


ኦ= ۳۲", ٣" IuEIGHTEO ^vuG OF t0 RECOROS . 
5 GUUS ۷ ۲ IQUERI.GAD PETECT OM 
I 5 Du S CARI ITELE ۵۱۸1۱ RANGE 


105 4 TIFF? 211 
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1609 
1610 
1620 
1632 
1840 
1650 
1£60 
1573 
1680 
1699 
1700 
1710 
1720 
ژ3 
1740 
17658 
90 ۱ 
1770 
08 
1790 
920| 
1810 
1820 
1830 
1840 
1850 
1862 
1870 
1080 
1830 
1969 
1919 
1929 
1939 
1940 
1950 
972| 
1952 
1990 
2290 
2010 
200 
2030 
2040 
2050 
2052 
2070 
2280 
2030 


2100 
2110 
2138 


to 
و‎ 9 ۶۵۰ 6۰۰ 5 ۰ ۰ ۱ ۵ 9 9۰ 5 9 0 ٩ ۵ 9 2 پا اپاپ‎ A pe 


Collect dats:! 


9565560656905፥5909095050994949906090009990595900009090090090099090900004009905009099696 
ON KEY 9 LABEL "INTERRUPT"*,15 GOTO !970 
FÜR Js? IO EO 5165 3 


N=J/2 

OISP "MEASURING SPECTRUM ON HP 3581A*,"* ° "Time is “sT+J 
gEEP 1000.1 

8۳۳5۵۷ )۲۱ ,۱ ۱ [+ ۲ ۳ 

WAIT 123 


QISP "FILLIMG ARRAY WITH ۳ 
0081۲۰711 ۰6" 
QUTPUT 711;"ROME" 
ENTER 7۲۱۱۱ ۸۳۳۵۷/۲۱2 6 0 
Array(M 2)7R5+B<+5350-10.6+CF+Array(N 2) 
OUTPUT 7|: TEI E eH] 
OUTPUT. 7 
ENTER 711;x,Array(N,3),5,0 
Array (N 3?=R5+95s+£€9100-13.6+Cf+Array(M 3) 
gGUTPUT 7113 MMHPSGOR CE 
OUTPUT 7ፇ፤1፥፡ ۳۰ 
ENTER ۶۱۱۲ .ArravtN 495890 
Array(M 4)=Rs+8s+Sq2290-16.7+Cf+Array(N 4) 
00۲۴۲۲ ٣۹۳۷۰ | 
OUTPUT 711: "ROME" 
ENTER 7114X,Array(N,5)2,S,Q0 
Array(M 5)=Rs+85s+5q440-19.7+Cf+Array(N S) 
ፀሀፐዞሀፐ 7|| ۳ 7٠× 
OUTPUT 711:; "ROME, “ 
ENTER 711;X,Array(N,8),5,0 
Array(M 6 )=Rs+B8s+5q1008-23.6+Cf+Array(N,6) 
OUTPUT 711;"“"MMrP1700HZ” 
OUTPUT 711; “POM” 
ENTER 7۱۱۱۷ ۵۲۵۸۸۸ 6 0 
Array (M,7)=R9s+'Bs+5q1709-25,7+Cf+Array(N 7) 
NEXT J 
RE TURN 


ہجو ےھ 4 4 6 ۵ ۵ ۵ 4 6 4 6 4 4 4 6 46 46 46 6 6 6 6 46 4 4 6 46 46 و 4 46 6 46 46 6 6 6 6 6 6 4 6 6 6 46 6 6 6 6 6 6 6 6 4 46 46 6 6 6 6 6 6 6 4 


P-int data:! 


* 
‘ 
4 ۵ 6 ه 4 ۵ 4 4 6 ۵ 6 4 6 6 6 6 6 6 6 6 6 6 6 6 46 6 6 6 4 46 6 4 4 6 46 6 46 46 6 6 6 46 4 46 6 56 © 6 46 4۸ 6 ۵ 6 6 6 46 46 46 © © ©9 6086 هه و٠‏ 


PRINTER 15 1 

PRINT USING “8” . 
PRINT TAB(29); "AMBIENT NOISE “¡Names 

PRINT 

PRINT TABCSSO4Q0ATESCTTCEOATEO 

PRINT 

PRINT " ~ Timet "30 hz*.," 100 hbz^,"200 hz 34400 hz 1. ኮ2.:፡1፡ 


PRINT 
FOR Nel 10 (J/2-1) 
PRINT " " Array(N J) Array(N 2) Array(N,3) Array(N 4) Arrayí: 


ArrayvíN, 6) Array(N 7) 


2130 
213] 
2157 
2533 
2140 
2150 


NEXT M 

PRINT . 
PRINT ۲۵8۵۲۱ 308 1 8 
PRINTER ۵۱ 

RETURN 
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2200 1۴ TIMEDATE»«2:11E*411 THEN RETURN | Checks to see if default va 


2210 ዐ፲ቨ ፐፅሀፀፅሃቆ[| 1) ,ር16ርቼ፥ 5] 5 [ 4. is set meaning our clock 
E PRINTER IS | ! updatirg. 

2 PRINT "Enter the 02۱2 30 time, SEPARATED by a COMMA,” 

2249 PRIMT "in the E*ACT format shown below:” 

2280 PRINT 

2258 PRINT * 4 DEC 1984 ,9:54 : 


2.70 PRINT 

2262 PRINT "Don't use leading zeroes EXCEPT for MINUTES |” 

2:00 ON ERPDR GOTO 2390 

2300 BEEP ۵ 85 

2310 INPUT “Date MONTH Year (4 digits), Hour:Minutes °,Today§ ,Clochk$ 
FAS 0 SET TIMgDATE DATECToday S)* TIMECCIock $) 

2370 DISP TIMESCTIMEOATE) ,DATES( TIMEDATE) 

2349 BEEP 1062,.1 

2350 UAIT ! 5 

2200 TimedatesTIMEDATE | Needed for READ statement 
2218 OFF ERROR 

2390 RETUPN 


دمح ماب باه جع و دح ۱۵ ت2۰۶ e e‏ | 2350 
| 206 

2410 ! 999990906909099969999090696999599959990969909699909996995999565699099090909909099090909990፡። 
2420 Store data:! STGRES OATA ON FLOPPY OISC 

2439 | 66*906500009000000000900990€009090990990900409000900000009000099990000000* 
243) IF Source$2"MEMOREX* THEN RETURN 


2440 PRINTER IS | 
24-0 PRINDISUSING "///* 


2462 PRINT * You are invited to make any comments about ” 

2470 PRINT "this run to be stored with the data. If you OO * 

2180 PRINT "uant to comment, type 1t in nou. (keep 11 1652" 

2433 PRINT “than 2 screen lengths).” 

2 FRINT “When you're finished, press the ENTER key." 

7510 PRINT 

20090 ۳۸۳۱۸۲ If you've got nothing to add, just press ENTER,” 

2950 INPUT "Comments? ",Comment$ 

E0 OSP “STORING ODATA" 

255 ۵۸۳۳۵۷) 51 ,۱ ۱2 ۶٤ ! Stores date/time of measurements 
255 Array( 31 ,2)=] 

2568 CREATE BOAT MName$ 300,8 tl Creates a data file 

293170 ASSIGN apat hl TO Names 

2589 OUTFUT 8PathliArcay(*),Comment S | Sends data to floppy disc 

2531 ASSIGN @Path! TO ٠ 

25330 LISP "OATA STOREO UNDER FILENAME “Names 
2500 RETURN 

"1 0 مت جع = رجا و‎ end-of-sub-routine-------2---------------- 
26.2 ١ ۰ 

2622 | €69060996€6060090909900909099000€60990990000900000€9000000909000000909090900409000* 
-540 Recall data: ፤ 

2650 | 99990959099099099090090090959909009060909060999099090009090909099990995999995999909999፥ 


2660 IF SourceS="LIVE" THEN PE TURN 
0 ASSIGN apat hl TO Names 

Looe ETERNA) Array? 

2700 EHTER PPathl;Conments 

2719 ASSIGN (Path! T5) e 


J=Arrayt31,2)‏ ام 

271... Timedatesárray(C 20,1) 

2729 RETUKN 

2730 |. esee e e e dd ANO O 22 2 ت اه اد‎ 
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